Anemia is among the most widespread health problems for children in developing countries. This paper evaluates the impact of a randomized health intervention delivering iron supplementation and deworming drugs to Indian preschool children. At baseline 69 percent were anemic and 30 percent had intestinal worm infections. Weight increased among assisted children, and preschool participation rates rose by 5.8 percentage points, reducing absenteeism by one fifth. Gains were especially pronounced for those most likely to be anemic at baseline. Results contribute to a growing view that school-based health programs are an effective way of promoting school attendance in less developed countries.
I. Introduction
Anemia is one of the world's most widespread health problems, especially among children:
approximately 40 percent of children are anemic across various African and Asian settings (Hall et al 2001) . In particular, iron deficiency anemia leads to weakness, poor physical growth, and a compromised immune system -decreasing the ability to fight infections and increasing morbidity -and is also thought to impair cognitive performance and delay psychomotor development. Recent macroeconomic estimates suggest that the average impact of iron deficiency anemia, through both physical and cognitive channels, could be as large as 4 percent of GDP in less developed countries (Horton and Ross 2003) . Through its impact on schooling, anemia could also be central to understanding the intergenerational transmission of poverty. Yet there is little work by economists on the effects of anemia on economic development, and many existing studies estimating the impact of anemia on education are difficult to interpret due to possible omitted variable bias. 1 This study takes a step toward addressing this gap by evaluating the impact of a project in the slums of Delhi, India, which delivers iron supplementation and deworming drugs to 2-6 year old preschoolers. At baseline 69 percent of sample children were anemic while 30 percent suffered from intestinal helminth (worm) infections. The 200 preschools in the sample were randomly divided into groups and then gradually phased into the program. Exploiting this experimental design, we find substantial gains in child weight -roughly 0.5 kg (1.1 lbs.) on average -in the treatment schools relative to control schools during the first five months of the project. Most important for this study, average preschool participation rates increased sharply, by 5.8 percentage points, among assisted children, reducing preschool absenteeism by one fifth.
Program treatment effects are most pronounced for subgroups with high baseline anemia rates, in particular, for girls and children in low socioeconomic status areas, suggesting that the program boosts school participation by reducing anemia. The results point to the key role that poor health can play in limiting school participation.
The key econometric identification issue in this study is sample attrition: during the first school year , approximately one-quarter of school attendance observations are missing -largely due to "churning" of preschools, which open and close at relatively high frequency, as well as difficulties tracking respondents who have moved. However, attrition rates are nearly identical for program treatment and control groups in year one (at 26 and 25 percent, respectively), allowing us to place reasonably tight non-parametric bounds on treatment effects.
Although most common in less developed countries, iron deficiency and iron deficiency anemia 2 are not rare in wealthy countries like the United States: iron deficiency prevalence was estimated at 7 percent for U.S. toddlers (1-2 years old) and 5 percent for preschool aged children (3) (4) (5) years old) in 1999-2000, with higher rates for African-Americans and Latinos (CDC 2002) , so some results of the current study may generalize to certain U.S. subgroups. Iron deficiency was long a major public health problem in the United States, and as late as the 1970s prevalence among 1-4 year olds nationwide was still 17 percent (Ramakrishnan and Yip 2002) . Some have argued that the fortification of food, and particularly infant formula, with iron in recent decades has been critical in reducing iron deficiency in the U.S. (Sherry et al. 2001) . However, in the absence of a large-scale food processing campaign, iron supplementation through schools (as in the program we study) may be the most cost-effective way to tackle widespread iron deficiency among children in less developed countries, where much food that households eat is produced on their own farms and thus cannot easily be fortified. 3 One plausible channel through which the preschool attendance gains we estimated could have long-run impacts is an improvement in future primary school performance, and in fact, 71 percent of parents in the study area claimed (in a baseline survey) that improved primary school preparedness was an important motivation for sending their own children to the preschools.
Unfortunately, there is little direct evidence (at least that we are aware of) linking preschool participation to later educational outcomes in less developed countries. However, there is growing evidence from the U.S. Head Start program that early childhood interventions reduce later grade repetition and increase educational attainment (Currie and Thomas 1995; Garces et al. 2002) . In terms of long-run evidence, Cascio (2004) finds 30 percent reductions in high school grade repetition among African-American and Latino children, and a 20 percent reduction among white children, who had earlier participated in public kindergarten programs in the U.S.
South. Magnuson et al. (2004) find evidence of medium-term gains from pre-kindergarten participation on first grade mathematics and reading, especially for children whose parents have low education or low income. Currie (2003) surveys the related U.S. literature and concludes that there is considerable evidence linking early childhood interventions to improvements in later educational attainment and cognitive development. It is possible that preschool attendance impacts could be even more persistent in the context we examine where there are fewer school remedial programs and where households are poorer (consistent with Magnuson et al. 2004 ).
The current study complements existing experimental studies on child nutrition and improves on them in certain dimensions. One limitation of existing studies of child nutrition and education outcomes is their narrow focus on academic and cognitive tests, typically tests of recall and verbal skills. Nokes et al. (1998) survey a number of such experimental studies on the impact of iron supplementation, and many find positive impacts on cognitive and motor development, as well as on educational achievement. The current study, by contrast, focuses on school participation, an outcome largely ignored until now. A second limitation of existing studies is their small sample size. For instance, the well-known INCAP study (Martorell et al. 1995) provided different nutritional supplements to Guatemalan children and later found significant impacts on their cognitive skills during adolescence. However, that study randomly assigned villages to the treatment and control groups and thus has an effective sample size of only four villages. Similarly, the small sample size of only 100 children in study of an early childhood nutrition program in Jamaica limits the generalizeability of their findings. In contrast, our sample contains 200 preschools each with an average of 12 children. Moreover, we study and demonstrate the effectiveness of a real-world school-based health program.
This study is most closely related to Miguel and Kremer (2004) , who find that deworming leads to large school participation gains (7 percentage points) among [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] year-old children in rural Kenyan primary schools. The medical intervention in that study was narrower, consisting of deworming drugs alone, unlike the current program which features iron supplementation and Vitamin A in addition to deworming. Though the results of the current study largely confirm the earlier Kenya findings, the demonstration that a similar relationship holds in another geographic setting (urban India), with a younger age group, and a different intervention provides further evidence on the robust relationship between child health and school participation in poor countries. This study also contributes to the growing literature on the economic impacts of anemia in less developed countries, and in particular complements recent work on the effects of iron repletion on adults, which finds significant improvements in energetic efficiency, self-reported health status, earnings, and labor supply (Thomas et al. 2003) .
II. Anemia and Children
Iron is a component in many proteins, including enzymes and hemoglobin, the latter being important for the transport of oxygen to tissues throughout the body (National Academies of Sciences 2002). Iron deficiency anemia (IDA) -that is low levels of Hb in combination with abnormal levels of other iron indicators such as transferrin saturation (iron stores) -can lead to weakness, poor physical growth, increased morbidity, and delayed psychomotor development. In particular, animal studies suggest that iron deficiency early in life could inhibit the function of neurotransmitters, compromising later brain function. 4 It is hypothesized that iron supplementation could generate school participation gains through two mechanisms: first, improved physical activity (motor development and overall decreased morbidity), and, second, through cognitive development. Yet little work examines the impact of iron supplementation on school participation (an exception is Hutchinson et al. 1997). 5 Other studies have investigated the association between iron supplementation and cognitive ability among children. Nokes et al. (1998) survey a number of such experimental studies on the impact of iron supplementation and most find positive impacts. Seshadri et al. (1982) find that 5-6 years old children treated with iron subsequently showed gains in verbal performance and IQ scores. Stoltzfus et al. (2001) conducted a randomized trial of iron supplementation on 614 preschool children aged 6-59 months, and find that language and motor development improved significantly among severely anemic children. Soemantri et al. (1985) find that iron supplementation among Indonesian school children improved achievement.
Experimental studies examining whether iron deficiency affects child growth have produced mixed results. Bhatia and Seshadri (1993) examine the effect of a six month supplementation intervention for Indian preschool children 3-5 years of age, and find less wasting -as measured by weight and weight-for-height Z-scores -among anemic children supplemented with iron relative to anemic placebo children. Similarly, Angeles et al. (1993) found increases in height and height-for-age Z-scores among anemic Indonesian preschool children after two months of daily iron supplementation. However, Dossa et al. (2001) find no impact on anthropometric measures -even for the stunted and anemic subgroups -during a three month iron supplementation intervention among 3-5 years old in Benin.
III. Project Design and Data

A. The Pratham Delhi Preschool Health Program
Pratham Delhi, an Indian non-governmental organization (NGO) 6 , began establishing a network of preschools in poor communities in eastern Delhi during 2000. Children in the preschools are 2 to 6 years old, typically come from families of migrant laborers, and are at high risk of anemia and other nutritional deficiencies. Pratham's preschools focus on the development of literacy, numeracy and social skills to prepare children for primary schooling. Grounded in a belief that reading readiness is a key foundation for later learning and educational achievement, daily activities in the preschools are centered around books and alphabet and word games (Banerji 2005) . The preschool teachers are usually young women living in the communities, and classes usually take place in teachers' homes; thus when a teacher moves, marries, or obtains other employment, her preschool may close. Combined with programmatic considerations, this leads to turn-over in preschools, particularly in communities with high levels of residential mobility, an issue we return to below in the discussion of attrition.
The study area consists of recent "resettlement colonies", typically 10-20 years old, that have absorbed large in-flows during Delhi's recent expansion. The study sample contains 200 preschools with an average of 12 children, yielding a total sample size of 2392 children. The initial sample of 268 preschools were assigned to 189 different "clusters" at the start of the study, where each cluster contained one to three preschools, usually all located on the same city block.
The Pratham Delhi preschool program had expanded rapidly in mid-2001 at the start of the data collection, and 68 of these initial 268 preschools closed between August and December 2001, by chance leaving a final sample of exactly 200 preschools in 155 distinct clusters. In early December 2001, the clusters were randomly divided using a computer random number generator into three treatment groups, Groups I, II, and III. 7 The randomization was carried out at the preschool cluster level for several reasons including: a desire to reduce health spillovers between preschools; 8 to limit transfers of children across preschools belonging to different treatment groups (which would contaminate the randomization); and to avoid discord within neighborhoods, for instance, if some children on the block received the full assistance package but others did not. There was a time lag for the research team in finding out about many of the preschool closures. Thus the randomization was carried out for the initial 189 cluster sample, and the numbers of clusters and preschools in the analysis sample are not perfectly balanced across groups. However, note that preschool communities were not informed of their program treatment status until mid-December, and this timing means treatment assignment should not have been a factor in the closure of these preschools between October and December 2001. Figure 1 contains a graphical description of the evaluation design.
The preschool health intervention consisted of iron supplementation (33.3 mg of elemental iron with folic acid) 9 and deworming drugs (400 mg of albendazole) administered during "health camps" conducted three times a year and in the preschools. 10 Following WHO recommendations, teachers in treatment preschools administered daily iron doses for 3 school days following each health camp, to all children attending school that day. Deworming was included since worm infections can contribute to anemia (see Hall et al. 2001 and references therein). The deworming drugs were taken at "health camps". Treatment and control preschools both also received 200,000 I.U. of Vitamin A at the first health camp during the study period, and thus treatment effects should be interpreted as the impact of iron and deworming in addition to Vitamin A, relative to Vitamin A alone. Note that in addition to its potential benefits for the immune system and eyesight, Vitamin A may promote iron absorption (FAO/WHO 1998), so this is a potentially important interaction. 11 The intervention package in treatment schoolsiron, deworming, and Vitamin A together -is relatively inexpensive, with drug purchase and delivery costing approximately US$1.70 per child per year. Estimating intervention costs is complicated by the fact that enumerators carried out data collection as well as project activities, but the above figure attempts to isolate intervention costs. We do not attempt a program rate of return calculation in this paper given these concerns about disentangling evaluation and project costs, as well as the lack of reliable estimates of the long-run return to additional preschool attendance in India.
During October and November 2001, the NGO enumerators conducted parent meetings at each preschool to inform them about the project, discuss child health issues, and obtain consent for their children's participation. These talks were given at all treatment and control preschools. November 2003 all preschools were receiving treatment. We do not study year two due to evidence of contamination of the experiment due to non-random sorting of incoming pupils across treatment groups (not shown).
B. Data and Measurement
A household survey collected information on socioeconomic and demographic characteristics, Baseline Hb data was not taken in 2001 from Groups II and III children since it was thought unethical to collect such information from children who would not be treated immediately.
Enumerators measured child height and weight at the health camps. Anthropometric measures of child weight-for-height ("wasting", acute undernutrition), weight-for-age ("underweight", chronic and acute malnutrition), and height-for-age ("stunting", chronic undernutrition) Z-scores proxy for nutritional status, where Z-scores reflect the standardized difference, by age and gender, from the mean of reference healthy U.S. children.
Preschool enrollment rosters were collected from August to October 2001, and participation data was then collected during monthly, unannounced visits to all preschools from November 2001 through April 2002, which serve as a representative measure of preschool attendance. At each visit, enumerators determined whether each child from the baseline roster was present, absent, had left school, or had transferred to another school. Those present at school are counted as "participants" and those who had dropped out or were absent as "nonparticipants". Children who transferred to another NGO preschool were tracked at those schools during subsequent attendance checks. Children who moved away from the area (for instance, to another Delhi neighborhood or back to their home village) or about whom the teacher did not have good information, are lost from the sample (until they return to an NGO preschool, if ever).
C. Baseline Characteristics
The baseline surveys identified anemia and helminth infections as important health problems in this population. Anemia in children 6-60 months of age is defined as hemoglobin concentrations below 11 g/dL (WHO 2001) and 69 percent of the sample met this standard ( Table 1 , Panel A). 14 Moreover, 7 percent of sample children were severely anemic (< 7 g/dL) and 41 percent moderately anemic (7-10 g/dL). Anemia rates in the sample are similar to Delhi households from the 1998-99 Indian National Family Health Survey or NFHS (IIPS and ORC Macro 2002).
Hemoglobin status varies significantly with child and preschool characteristics. In a probit specification, boy children are considerably less likely to be moderately-severely anemic than girl children (the magnitude is 15 percentage points, statistically significant at 95 percent confidence -regression not shown) conditional on child age and average preschool socioeconomic characteristics. Similarly, children in preschools with high average parent education are significantly less likely to be anemic (a drop of 4 percentage points per additional year of average father schooling, significant at 95 percent confidence), and children in predominantly Muslim schools are more likely (a change from zero to 100 percent Muslim population is associated with an increase of 8 percentage points in moderate-severe anemia although the effect is not significant at traditional confidence levels). As shown below, program treatment effects on weight and school participation are more pronounced for these subgroups with higher baseline anemia prevalence, a finding consistent with existing studies in which iron supplementation only has impacts on the Hb levels of anemic individuals (see Thomas et al. 2003 and references therein). 15 Thirty percent of the baseline sample has a helminth infection ( Table 1 , Panel A), mainly roundworm (21 percent prevalence) although some children were also infected with hookworm, Hymenolipis nana or threadworm. The NGO followed the WHO recommendation of mass deworming treatment in child populations where anemia is widespread and helminth infection prevalence at least 20 percent (Montresor et al. 1998 ).
There was marked undernutrition at baseline: 21 percent of children were wasted (weight-for-height Z-score < -2), 30 percent underweight (weight-for-age Z-score < -2), and 24 percent stunted (height-for-age Z-score < -2). Treatment children were somewhat worse off preintervention in terms of nutrition: Group I children have lower baseline weight-for-age and height-for-age Z-scores than Group II and III children on average ( Table 1 , Panel A). Thus although the randomized assignment to treatment groups should have eliminated most differences between groups, the randomization was not entirely successful. However, there are no significant differences across treatment groups in the age or gender of children, and most importantly, no difference in pre-intervention school attendance, the key outcome variable in the empirical analysis (Table 1 
Household size is relatively large at 6.0 members (Panel C). The population is mainly composed of individuals whose "original" home lies outside of Delhi (76 percent There are no statistically significant differences in occupational characteristics for mothers or fathers across the treatment groups (Panels D and E).
Few households reported that their child had received iron, deworming, and Vitamin A prior to the NGO program in the 2001 household survey: only 1 percent had received iron supplementation in the previous year, 6 percent deworming, and less than 1 percent Vitamin A (Table 1 , Panel F). These rates are considerably below treatment rates reported in the Delhi NFHS, possibly because the poor communities where the current study took place have less access to government services than other parts of Delhi. 16
D. Program Take-up
Teachers were instructed to give each child in the treatment preschools 30 days of iron after each health camp. Only 17.5 and 18.5 days of iron had been administered on average in treatment (Group I schools) in the 30 school days after the first and second health camps (in December 2001 and March 2002, respectively) though, and this was mainly due to high student absenteeism (recall that children received iron at school). Note that iron take-up was only recorded for the 30 preschool days following each health camp, so it is likely children received some additional days of iron between that point and the following health camp, and as a result, these reports are lower bounds on actual iron compliance. 17 Similarly, only 65 percent of eligible children received deworming drugs during the first two health camps, largely due to absenteeism at the health camps, though deworming take-up is nearly universal for children who attend the camps.
IV. Econometric Identification
A. Estimation Strategy
The random assignment of preschool clusters to treatment and control groups allows us to interpret mean differences in outcomes as causal effects of the health program. The panel dimension of the data for the main nutritional and education outcomes allows us to control for any initial differences across groups in a difference-in-differences model:
(1)
Y is an outcome of interest (for example, a school participation observation) of individual i in cluster c at time t; TREATMENT ct is an indicator variable for assignment to treatment (for the main analysis, this is an indicator that takes on a value of one for Group I preschools after the intervention started in December 2001); G c is an indicator variable for the treatment group (Group I), to control for any mean baseline differences across groups;
is a set of baseline child and preschool characteristics, which control for remaining pre-treatment differences and ict X improve statistical precision; is an indicator variable for the period after the intervention started; and t P ict ε is the disturbance term, and these are allowed to be correlated at the preschool cluster level. Here θ is the average program effect. We also use Equation (1) to estimate heterogeneous program effects by restricting the sample to particular subgroups. Baseline students are assigned the treatment group of their original preschool cluster throughout the empirical analysis in an intention to treat (ITT) design, even if they later transfer preschools. To further deal with possible omitted variable concerns due to baseline differences across the treatment groups, in certain specifications we include additional baseline child and preschool characteristics interacted with the time control to capture divergent trends over time.
Since there is no baseline Hb information for Group II or III children, we estimate the cross-sectional difference between treatment and control pupils (in October 2002) conditional on baseline individual and preschool characteristics (X ict ) but without the treatment group indicator variable or time control. If anemia is the key channel through which the program affects school participation, then treatment effects should be concentrated among those children who were anemic at baseline. Therefore, we instead examine whether the subgroups with higher anemia prevalence experience larger schooling treatment effects. While not entirely conclusive -other hypotheses, such as differential parental responses as a function of child nutritional status, remain possible -the finding that subgroups with greater predicted anemia show the largest weight and school participation gains is consistent with the hypothesis that reducing anemia is the key underlying mechanism driving the results.
In any experimental study, Hawthorne (placebo) effects are relevant and could potentially threaten the interpretation of program impacts as the causal effect of reducing anemia on school participation. Unfortunately, a double-blinded trial was not possible in this context. However, placebo effects appear unlikely for at least two reasons. For one, as shown below, treatment effects are concentrated among the subgroups of children most likely to be anemic, rather than across the board as would be the case with a general placebo effect. Second, placebo effects are not pervasive in development pilot projects: many other recent health and education interventions have had no measurable impact on schooling outcomes (Kremer 2003) .
B. Sample Size and Attrition
One key remaining econometric identification issue is sample attrition, which can lead to bias if attrition is asymmetric across treatment groups. While there are many potential sources of attrition, the two most important in this context are the closure of preschools (recall that the NGO program was still new in 2001 and many schools closed down in the first months of the study) and household residential mobility.
Attrition due to school closure is not a major problem in 2001-2 since most closed down prior to the announcement of the randomization into project treatment groups, and we drop these closed schools from the subsequent analysis. To illustrate, from the original preschool population of 4,068 children documented during the initial September 2001 attendance round, 1,676 were lost by the start of the intervention in December 2001 when the randomization into treatment groups occurred and was announced. We restrict the analysis to the 2,392 children who had not been dropped from the sample by then, and call them the "baseline sample". Group I children was 26 percent while for Groups II and III it was 25 percent, and this difference is not statistically significant. The same is true regarding attrition at health camps and in the 2002
Hb survey: there are relatively high attrition rates but no systematic differences between the treatment and control groups (Panels B and C).
We next examine causes of attrition as informed by the preschool teacher. The main cause is children being temporarily out of town ( Children who leave the sample ("attriters") are broadly similar to those who stayed along observable characteristics (Table 4 ). We present estimates from OLS regressions that use the attrition indicators (the overall attrition indicator, and attrition by reason) as dependent variables, and include a series of baseline child and household characteristics, the Group I indicator, and the interactions between these characteristics and the Group I indicator. Neither overall attrition, nor attrition for particular reasons, are strongly correlated with individual and household observable characteristics. For overall attrition, coefficient estimates on 24 of the 27 observable characteristics are not statistically significant at 95 percent confidence (column 1), and similarly for 22 of 27 observables for attrition due to residential mobility (column 2).
Our main focus here is the interaction term, namely, the difference across treatment groups in attrition as a function of child characteristics. Importantly, there is no evidence for differential attrition: there is no statistically significant difference (at 95 percent confidence) across treatment groups for 24 of 25 observable characteristics, and the hypothesis that these 25 interaction terms jointly have no effect cannot be rejected (F-test p-value=0.153, Table 4 column 1). Differential attrition from residential mobility is statistically significant (column 2, F-test p-value=0.045), but differential attrition from closings of preschools is not (column 3, F-test p-value=0.907). Overall, these tests support the claim that attrition is symmetric across treatment groups, at least in terms of observables, alleviating some attrition bias concerns.
Various methods are used in an attempt to further address non-random sample attrition.
First, individual, household, and preschool characteristics that could be determinants of attrition are included as explanatory variables (Alderman et al. 2001 ). We also weight each observation by the inverse of the probability of staying in the sample (by cluster) in some specifications, and carry out weighted least squares estimation in order to maintain sample balance along observable dimensions. 19 However, this method of course does not eliminate attrition bias if unobserved characteristics are correlated with both sample attrition and child outcomes.
We thus also employ the non-parametric method in Lee (2002) to place extreme bounds on program effects in the presence of differential attrition across the treatment and control groups. As shown below, given the similar attrition patterns across groups, this method yields reasonably tight bounds. The Lee (2002) approach relies on a monotonicity assumption in attrition: the model assumes that every treatment group child who reported an outcome would have reported an outcome if she had been assigned to the control group (or vice versa). This assumption is restrictive enough to generate a testable restriction. Essentially, the monotonicity restriction is inconsistent with non-response being positively (negatively) correlated with Group I children's characteristics and negatively (positively) correlated with Group II and III children's characteristics. 20 As shown in Table 4 , the associations of observables with attrition are neither significant nor of opposite signs across the treatment groups, and thus this evidence is consistent with the assumption. We believe the robustness of our results to these varied methods of dealing with attrition provides confidence that they are not mainly driven by selective attrition bias.
V. Program Impacts
A. Overall Health and Nutrition Impacts
The program led to gains in child nutritional status in the first five months of the intervention.
There are improvements in child weight-for-height and weight-for-age Z-scores of 0.52 and 0.31, respectively ( Table 5 , Panel A, regressions 1 and 2) and both effects are statistically significant.
These increases are equivalent to an average weight gain of 0.5 kg, or 1.1 lbs (regression 3), and to a substantial increase in the body mass index (regression 4). There are no average gains in child height (regression 4) or height-for-age (regression 5), but this pattern is not surprising: iron supplementation is thought to reduce acute malnutrition in the short-run in part by improving the absorption of micronutrients and increasing appetite, but improvements in chronic malnutrition are not expected over short periods. The Lee (2002) treatment effect bounds on the weight-forheight Z-score are 0.36 and 0.53 (not reported in the table), thus the results appear robust to potential attrition bias. To further check robustness, we estimate the treatment effects using a specification with individual fixed effects and find largely similar results, with an estimated average weight-for-height Z-score gain of 0.36 (standard error 0.12, regression not shown). 21
Recall that treatment group children have somewhat lower baseline weight than control group children. To assess the extent to which regression adjustment may be obscuring possible mean reversion, we also report basic difference-in-difference program impacts that are not regression adjusted ( survey -an average gain of 0.08-0.22 g/dL -but the difference is not statistically significant ( for control children, and as a result any baseline differences across the treatment groups are of particular concern. This may make the estimated program impacts on Hb less reliable than other results. We explored other specifications -including indicator variables for anemia thresholds as dependent variables, and quantile regression -but in no case is there a statistically significant improvement in Hb (regressions not shown). One possible explanation for these weak results, at least in part, is the fact that the Hb survey was conducted in October 2002, a full six months after the previous round of iron supplementation, which took place in the Group I schools in March and April 2002. Existing research indicates that while Hb gains are large in the months immediately following supplementation, they may not persist. 23 Since iron status is multi-faceted, it is also possible that there were in fact iron gains but in the form of serum iron or ferritin (stored iron) -which we do not have information on -with only weak short-run improvements in Hb concentration, as found previously by Palupi et al. 
B. Overall School Participation Impacts
The program led to a large improvement in preschool participation during year one, an average gain of 5.8 percentage points ( It is theoretically possible that the school participation gains are caused by children attending school to get daily doses of iron rather than due to the effect of child health and nutrition gains per se. However, this is unlikely for several reasons. First, school participation gains are almost identical in the month of February 2002 -the estimated difference between these months and other months is just 0.003, standard error 0.028, regression not shown -a month when iron was not distributed, suggesting that the participation gains are not solely a result of the desire to take the iron pills. The subgroup analysis below provides further evidence that the underlying causal mechanism is treating anemia.
C. Program Impacts, by Subgroup
Weight gains and school participation improvements are largest for subgroups with higher rates of baseline moderate-severe anemia (Hb < 10g/dL). For instance, girls have much higher baseline anemia than boys ( Child and school baseline characteristics -child age, gender, and average school religious composition and parent education -were then used to compute an overall predicted likelihood of moderate-severe anemia (regression not shown). As expected, baseline anemia prevalence was much higher among the high predicted anemia group (59.8 percent, Table 7 column 1, row 8) than the low anemia group (38.9 percent, row 9), a 21 percentage point gap.
Weight gains are much greater among those with high likelihood of anemia than those with low likelihood (0.62 versus 0.32, column 2 rows 8-9), and similarly for school participation gains (0.114 gain versus -0.011, column 3, rows [8] [9] . This difference in school participation treatment effects by predicted anemia subgroup is statistically significant at over 95 percent confidence (in a model with the full set of controls and an interaction term between the treatment indicator and high predicted anemia indicator, regression not shown). This effect is robust to including an additional interaction term between the treatment indicator and low baseline anthropometric outcomes in the preschool (regression not shown).
Figure 2 presents the time pattern of preschool participation rates for Group I versus
Groups II and III students through time, comparing those with above median predicted baseline moderate-severe anemia prevalence to those with below median prevalence. School participation rates are slightly lower for the "Group I, above median predicted anemia" group at baseline (before the first health camp in December 2001) but increase sharply after treatment, and remain greater than school participation rates in the control schools -and in the "Group I, below median predicted anemia" group -through the end of year one. Overall, these findings indicate that program treatment effects are largest among those subgroups of children with higher baseline moderate-severe anemia prevalence, consistent with reduced anemia being the key cause of preschool participation gains.
The same child and school baseline characteristics were next used to compute a predicted likelihood of baseline worm infection (regression not shown), allowing us to divide the sample into those with above median predicted worm infection likelihood and below median likelihood.
In sharp contrast with the anemia results above, estimated school participation gains are nearly identical for the high and low predicted worm infection groups, at 0.069 and 0.044, respectively (not reported in the table). In contrast with Miguel and Kremer (2004) , who show evidence of large school participation gains as a result of reduced worm infection rates among Kenyan primary school children, this analysis suggests that changes in worm infections were not the main factor driving the preschool participation impacts we estimate. Rather our results are consistent with the hypothesis that reductions in anemia were the key causal mechanism.
VI. Conclusion
A preschool health intervention in Delhi, India providing iron supplementation and deworming medication led to substantial gains in child weight and preschool participation, reducing absenteeism by one fifth. The results contribute to a growing consensus that child nutritional deficiencies are key impediments to human capital accumulation among poor children in less developed countries, and that school-based health programs are likely to be cost-effective ways to promote schooling in these settings (for other recent evidence, see Glewwe et al. 2001 and Kremer 2004 ). Yet despite progress in understanding the impacts of child nutrition and health on education, the long-term effects of child health on adult income and life chances remain poorly understood, and this question also demands further research attention.
Randomized evaluations like this study provide particularly transparent evidence to policymakers on program impacts, and have the potential to exert considerable influence on actual policy choices, as argued recently by Kremer (2003) . For instance, given the results presented in this paper, the Indian NGO that conducted the project is expanding this preschool health model into additional cities. The results of this paper suggest more broadly that other organizations aiming to boost school participation in child populations where anemia is common should consider iron supplementation and deworming.
However, randomized evaluations are clearly not a panacea. We encountered two important methodological issues in the implementation of year two (2002-3) of this evaluation, namely, high levels of sample attrition (which prevented us from credibly estimating program impacts among the baseline sample), and contamination of the experiment due to non-random sorting into treatment groups in year two. These concerns must be taken into account in the design of randomized evaluations, just as they are in non-experimental studies. Notes for Table 1 : Robust standard errors (clustered) in parentheses; statistically significant at the (*) 90, (**) 95, and (***) 99 confidence levels. Anthropometric and school participation rate estimates are weighted to adjust for the probability of attrition by preschool cluster. Panel F presents parent reports. Table 2 : Robust standard errors in parentheses; statistically significant at (*) 90 percent, (**) 95 percent, and (***) 99 percent confidence levels. a = Data available only for Groups I and II. Table 3 : Group differences are estimated from OLS regressions of attrition indicators on Group I indicator. Robust standard errors in parentheses; disturbance terms are allowed to be correlated within cluster, but not across clusters; statistically significant at (*) 90%, (**) 95%, (***) 99% confidence level. Subgroup attrition rates do not add up to total attrition rates because of non-response in reason for being out-of-sample. Notes for Table 5 : Robust standard errors in parentheses; disturbance terms are allowed to be correlated within clusters; * = significant at 90%; ** = significant at 95%; *** = significant at 99% confidence level. Panel A reports coefficient estimates from OLS regressions adjusting for attrition by preschool cluster and includes baseline controls. Controls include child age and child gender indicators, neighborhood indicators; teacher age, teacher years of schooling, and preschool language; proportion Muslim in the preschool cluster, mean mothers' and fathers' education in the preschool cluster. The time control is an indicator for the post-treatment period. Panel B reports coefficients from OLS regressions with no attrition adjustment weighting and no controls. F-statistics of sum of treatment indicator and Group I indicator coefficients represent tests of simple post-treatment differences in outcomes. Notes for Table 6 : Each coefficient estimate is from a separate regression. Marginal probit estimates (evaluated at mean covariate values) and coefficient estimiates from OLS regressions are presented. Robust standard errors in parentheses; disturbance terms are allowed to be correlated within clusters; * = significant at 90%; ** = significant at 95%; *** = significant at 99% confidence levels. All specifications presented in Table 6 contain an indicator variable for Group I schools (coefficient estimate not shown). All specifications in Table 6 except for row 6 also include the time control, an indicator for the post-treatment indicator. Row 1 controls include child age and child gender indicators, neighborhood indicators; teacher age, teacher years of schooling, and preschool language; proportion Muslim in the preschool cluster, mean mothers' and fathers' education in the preschool cluster. Row 1 also includes the time control, an indicator for the post-treatment period. Row 2 drops the attrition weights (by preschool cluster). Row 3 drops the attrition weights (by preschool cluster) and all baseline controls. Row 4 is like row 1 but also includes four additional controls -child weight-for-age, child height-for-age, Uttar Pradesh state origin, and Delhi origin -as well as their interactions with the time control. Row 5 includes child fixed effects in addition to all of the baseline covariates interacted with the time control, in a linear specification. Row 6 is like row 1 but drops the time control. The sample size in all specifications is 9,275 school participation observations. [4746]
Tables and Figures
Notes for Table 7 : Each coefficient estimate is from a separate regression. OLS coefficients and marginal probit estimates (evaluated at mean covariate values) are presented. Robust standard errors in parentheses; disturbance terms are allowed to be correlated within clusters; * = significant at 90%; ** = significant at 95%; *** = significant at 99% confidence. Sample sizes for each regression in brackets. Estimates from weighted regressions adjusting for attrition by preschool cluster. Controls include child age, child gender, and neighborhood indicators; teacher age, teacher years of schooling, and preschool language; proportion Muslim, mean mothers' and fathers' education in the preschool cluster; and a post-treatment period Indicator. Stratification is based on baseline characteristics collected in the 2001 surveys. Predicted moderate-severe anemia at baseline is a function of child age, gender, the proportion of Muslims in the preschool, and average mother and father education in the preschool (not shown). 13. Many other studies have found similarly high refusal rates for blood draws (Martorell 1995 is one example).
14.
Even under an extreme assumption on attrition -namely, that none of the children with missing Hb data were anemic -a lower bound on the rate of anemia in this population is 34%, still a reasonably high rate. If, on the other hand, anemic children are less likely to have the Hb test, then the true prevalence would be higher than 69%.
15. Soemantri's (1989) study of iron supplementation for [8] [9] [10] [11] year old Indonesian school children finds increases in Hb levels among , but not non-anemic, children after 3 months of treatment. Unfortunately, their small sample and the fact that standard errors are not reported complicates inference. See Nokes et al. (1998) for additional references.
16. However, these figures could understate treatment if parents do not always know the purpose of treatment or if they have forgotten about treatment.
17. Due to these data limitations, we are unable to determine how variation in iron take-up affected subsequent Hb, anthropometric outcomes, and school participation. However, note that Thomas et al. (2003) and Ekstrom et al. (2002) show that even imperfect compliance can result in complete iron repletion in adults.
18. Note that a subset of the attriters enrolled in primary school during the 2001-02 academic year, although our best estimate is that this was the case for fewer than 9% of the baseline sample.
19. We do not adjust standard errors for the fact that weights are estimated. Constructing standard errors that take into account the intra-preschool cluster correlation and the estimated nature of the attrition weights is a very complicated task; thus we report robust standard errors which only take into account of intra-cluster correlations.
20. Formally, the monotonicity assumption is inconsistent with the existence of children i and j such that and Pr[ = = > = = = , where A is the attrition indicator, G is the Group I indicator, and X are the child's observable characteristics (see Lee 2002) . Miguel and Kremer (2004) , cross-school treatment externalities are small and not statistically significant for both child nutritional status and school participation -regressions not shown. This is not surprising since the prevalence and intensity of worm infections in our setting is only moderate and children treated for worms in NGO preschools are a small fraction of infected individuals in these dense urban areas.
Unlike
22. We thank a referee for this suggestion.
23. Kashyap and Gopaldas' (1987) study of [8] [9] [10] [11] [12] [13] [14] [15] year old Indian school girls finds short-run hemoglobin gains but no difference in Hb levels for treated children four months after the withdrawal of iron supplementation.
